Study Objectives: Disrupted sleep is one of the prominent but often overlooked presenting symptoms in the clinical course of psychotic disorders. The aims of this study were to examine the prevalence of sleep disturbances, particularly insomnia and nightmares, and their prospective associations with the risk of suicide attempts in patients with schizophrenia-spectrum disorders. Methods: A naturalistic longitudinal study was conducted in outpatients diagnosed with schizophrenia-spectrum disorders recruited from the psychiatric outpatient clinic of a regional university-affiliated public hospital in Hong Kong. A detailed sleep questionnaire was completed by 388 patients at baseline in Results: Prevalence of frequent insomnia and frequent nightmares was 19% and 9%, respectively. Baseline frequent insomnia was significantly associated with an increased incidence of suicide attempts during the follow-up period (adjusted hazard ratio = 4.63, 95% confidence interval 1.40-15.36, P < 0.05). Nightmare complaint alone did not predict the occurrence of suicide attempts, but the comorbidity of nightmares and insomnia was associated with the risk of suicide attempt over follow-up (adjusted HR = 11.10, 95% confidence interval: 1.68-73.43, P < 0.05). Conclusions: Sleep disturbances are common in patients with schizophrenia-spectrum disorders. The association between sleep disturbances and suicidal risk underscores the need for enhanced clinical attention and intervention on sleep disturbances in patients with schizophrenia.
INTRODUCTION
Sleep disturbances, one of the most common presenting complaints in psychiatric patients, are often associated with substantial personal distress, pronounced impairment of daytime functioning, reduced quality of life, and aggravation of the comorbid clinical conditions. 1 Growing evidence also reveals a significant association between sleep disturbances and an increased risk of suicidal behaviors in both general and clinical populations. [2] [3] [4] However, there have been limited longitudinal data examining this association specifically in patients with schizophrenia. Given that suicide is a leading cause of premature death, accounting for 12% of the excessive mortality among schizophrenia patients, 5 there is a need to investigate the link between sleep disturbances and suicidal risk in this clinical population.
Sleep disturbances are often implicated in the clinical course of psychosis. For example, insomnia is one of the most common prodromal symptoms preceding a psychotic episode 6 ; it may exacerbate during the acute phase of the illness or may present as a residual symptom in the clinically stabilized patients. 7 Recent evidence also suggests a link between the presence of insomnia and a particular dimensional psychotic experience, notably paranoia, in both clinical and pii: sp-00615 -15 http://dx.doi.org/10.5665/sleep.5852
Significance
Suicide is the leading cause of premature death among patients with schizophrenia. Timely identification of the individuals at risk of suicide remains a major challenge for clinicians. This is the first study to illustrate the risk over time of suicidal behaviors in relation to sleep complaints in individuals with schizophrenia spectrum disorders. Sleep disturbances, including insomnia and nightmares, were found to predict an increased risk of suicide attempts in outpatients with schizophrenia spectrum disorders. This prognostic implication underscores the need to timely assess and address sleep disturbances in this clinical population. Future research is needed to examine the efficacy of sleep-focused treatments in managing sleep disturbances in the context of psychotic disorders.
general populations. 8, 9 Nonetheless, there is a relative paucity of data on the prevalence of sleep disturbances, including insomnia and nightmares, in patients with schizophrenia, as most previous studies were focused on polysomnographic and actigraphic sleep features of patients with schizophrenia in selected small samples using case-control design. [10] [11] [12] [13] To address the limitations of the existing literature, the objectives of the current study were to examine the prevalence of sleep disturbances, particularly frequent insomnia and nightmares, and their prospective associations with the risk of suicide attempts in patients in whom schizophrenia spectrum disorders were diagnosed.
METHODS

Participants
The current study was an 8-y observational study on a consecutively recruited cohort of psychiatric outpatients in whom schizophrenia-spectrum disorders were diagnosed. All the participants provided their written informed consent. The baseline assessment was a part of a clinical epidemiologic study on the sleep problems among psychiatric patients conducted in the psychiatric outpatient clinic of a regional university-affiliated public hospital, which served 8.9% (0.6 million) of the total population of Hong Kong. A detailed description of the study design and recruitment at baseline has been reported elsewhere. 4, 14 In brief, all eligible patients aged 18-65 y attending the clinic consecutively during the 4-w recruitment period in May-June 2006 were invited to take part in the baseline study, which involved a sleep questionnaire assessment. Patients were excluded if they: (1) were unable to provide a valid informed consent; (2) had an intellectual difficulty or organic brain syndrome; (3) had a hearing or speech deficit; or (4) were attending the university-affiliated sleep clinic, which is a part of the psychiatric department. A total of 1,235 psychiatric outpatients (female: 68.1%; mean age: 42.4 y, standard deviation [SD] 11.3 y) were recruited at baseline, and 388 patients (31.4%) in whom schizophrenia spectrum disorders had been diagnosed in this cohort were the target study population of the current study.
Measurements
Instrument
The sleep questionnaire used in the current study has been validated locally as a measure of different sleep problems among psychiatric patients.
14 It included items to assess demography, lifestyle practice, sleep habit, and specific sleep problems, including insomnia and nightmares, and was designed to measure sleep problems on the basis of lifetime occurrence and frequency over the past year. Frequency of sleep disturbances over the previous year was rated on a five-point scale (0 = none, 1 = rarely, 2 = at least once a month, 3 = once or twice a week, 4 = at least three times a week). The sleep questionnaire has been shown to have satisfactory psychometric properties. 14 The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the overall questionnaire were 0.92, 0.83, 0.88, and 0.88, respectively. In line with the previous research, 4,15-17 frequent insomnia was defined as having one or more of the following sleep problems with the frequency of at least three times a week in the past year: difficulty initiating sleep, difficulty maintaining sleep, and early morning awakening. Frequent nightmares were defined as having nightmares of at least once a week in the past year. Frequency of alcohol consumption and drug compliance was assessed on a three-point scale (0 = never, 1 = sometimes, 2 = always).
Case Note Information
Each study participant was diagnosed by the attending psychiatrist based on the criteria of the International Classification of Diseases, Tenth Revision (ICD-10). Relevant clinical information on the study participants was reviewed in the Clinical Management System (CMS), an integrated computerized clinical workstation that is implemented in all public hospitals in Hong Kong. The CMS provides comprehensive and detailed documentation of the clinical history of a patient who is followed up in any public health care sector of Hong Kong.
Clinical information retrieved from the CMS for the current study included the medical history, duration of mental illness, and prescription of psychotropic medications. Period of observation was from June 2006 (the date that the participants completed the baseline questionnaire assessment) to October 2014. Documentation of any suicide attempt in the case notes during the study period was used to analyze the prospective association between sleep disturbances, as reported in the baseline assessment in 2006, and suicide attempts over the 8-y follow-up period. To reduce the potential for bias, the investigator was blind to the baseline sleep status of the study participants when conducting the case note review. A suicide attempt was defined as a deliberate act of self-harm with the intention to end one's life. 4, 18 All the clinical records and documentation in the CMS were reviewed. These included the progress notes from the outpatient clinics of all specialties where the patients had any medical or psychiatric follow-up appointments, inpatient psychiatric admission notes and discharge summary, as well as the medical notes following the attendance to the emergency department. Psychotherapy notes were not included as these were not routinely entered into the computerized system. The clinical notes where self-injury was documented were specifically reviewed, and the written description of the index incident was examined thoroughly for evidence of suicide attempt, i.e., an intention to end one's life. Examples of suicide attempts included: self-inflicted poisoning (ICD-10 code X60-69), selfinflicted injury by cutting and piercing instruments (ICD-10 code X78, X79), self-inflicted injury by hanging, strangulation, and suffocation (ICD-10 code X70), and self-inflicted injury by jumping from places (ICD-10 code X80).
Statistical Analysis
Chi-square analyses or t-tests, where appropriate, were used to determine the significant differences in the demographic and clinical characteristics between the participants with and without sleep disturbances at baseline. The index date was the date of the participants completing the baseline questionnaire assessment. The primary end point was an incident of suicide attempt as documented in the case notes of the CMS. Observations were censored in the survival analysis for the cases that were lost to follow-up (e.g., no longer had any updated medical records shown in the CMS or no longer had any type of follow-up appointment in the public health care sector of Hong Kong) or had died (cause of death unrelated to a suicide attempt). The date of the last primary or speciality care followup of the study participants in the public health care sector was used as the censoring date. Kaplan-Meier curves were used to depict the cumulative probability of suicide attempt during the follow-up period between the participants with and without sleep disturbances reported at baseline. Survival curves were compared using the log-rank test. Cox proportional hazards regression models were used to examine the association between the sleep disturbances and incidents of suicide attempt while controlling for the potential confounders and effect modifiers. These variables were selected based on the initial univariate and bivariate statistical results, as well as the potential relationships, as reported in the previous studies. 19 Selected covariates included the baseline demographics (age, sex) and relevant clinical factors (i.e., duration of mental illness, subtype of psychotic disorders, prescription of benzodiazepines and antidepressants, past history of suicide attempt(s) and hospitalizations prior to the baseline questionnaire assessment, and use of more than one psychotropic medication). Relative risks were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). All statistical analyses were undertaken using the software Statistical Package for the Social Sciences, Version 16.0 for Windows (SPSS Inc., Chicago, IL). Statistical significance was set at 0.05 (two-tailed).
RESULTS
The study sample comprised 388 patients in whom schizophrenia spectrum disorders were diagnosed (Table 1 and  Table 2 ). At the time that the case notes were reviewed, 369 patients (95.1%) continued to attend regular medical or psychiatric follow-up appointments, 6 patients (1.5%) did not have any accessible medical record as they were no longer followed up in the public health care sector, and 13 patients (3.4%) were deceased during the follow-up period due to a medical condition (e.g., cancer) or an accident (e.g., hiking accident) that was not considered as a suicide attempt. Seventeen patients (4.4%) have attempted suicide but there was no completed suicide during the follow-up period.
The 1-y prevalence of frequent insomnia and frequent nightmares at baseline was 19.3% and 9.0%, respectively. Comorbid insomnia and nightmare were reported in 3.4% of the overall participants. Participants who had frequent nightmares were more likely to report frequent insomnia (37.1% versus 17.6%, χ 2 = 7.8, d.f. = 1, P < 0.01). Likewise, participants with frequent insomnia were more likely to have comorbid nightmare disturbances (17.3% versus 7.0%, χ 2 = 7.8, d.f. = 1, P < 0.01). One-year prevalence of sleep disturbances among the participants with different psychotic diagnoses is presented in Table 1 .
Participants with frequent insomnia were more likely to be married (χ 2 = 8.0, d.f. = 1, P < 0.01), and were less likely to be single (χ 2 = 7.8, d.f. = 1, P < 0.01) and have completed a higher education (χ 2 = 6.6, d.f. = 1, P < 0.05) ( Table 2 ). They were also more likely to be prescribed more than one psychotropic medication (χ 2 = 9.6, d.f. = 1, P < 0.01), especially antidepressants (χ 2 = 4.3, d.f. = 1, P < 0.05) and benzodiazepines (χ 2 = 11.2, d.f. = 1, P < 0.01), and to report a better drug compliance (χ 2 = 6.4, d.f. = 1, P < 0.05). Frequent nightmares were found to be associated with the comorbid physical illness (χ 2 = 5.9, d.f. = 1, P < 0.05) ( Table 2) .
The Kaplan-Meier survival analysis revealed significantly higher cumulative incidence of suicide attempt in the group of the participants with frequent insomnia at baseline as compared to their counterparts (P < 0.001, log-rank test, Figure 1A) . Cox regression models further confirmed this observation. Frequent insomnia reported at baseline was significantly associated with the new incidence of suicide attempt during the follow-up period after controlling for potential confounding factors (adjusted HR = 4.63, 95% CI 1.40-15.36, P < 0.05) ( Table 3) .
Although the complaint of frequent nightmares was associated with a lifetime history of suicide attempts (42.9% versus 19.3%, χ 2 = 10.5, d.f. = 1, P < 0.01), it did not predict an increased risk of suicide attempt over the follow-up period (P = 0.65, logrank test, Figure 1B) . Further scrutiny of the data revealed a distinct pattern that the comorbidity of insomnia and nightmare disturbances was significantly associated with an increased risk of suicide attempts not only in lifetime (P < 0.001, linearby-linear association) but also during the 8-y follow-up period (P < 0.01, linear-by-linear association) (Figure 2 ). Cox regression analysis suggested that the participants who reported comorbid insomnia and nightmares at baseline had a greater risk of suicide attempts in the following 8 y (crude HR = 7.43, 95% CI: 1.54-35.81, P < 0.05) as compared to those without any sleep disturbances at baseline. This significance persisted after adjusting for demographic and clinical confounding factors (adjusted HR = 11.10, 95% CI: 1.68-73.43, P < 0.05). However, because of the limited number of cases, the interaction between frequent insomnia and frequent nightmares could not be tested in the regression model.
DISCUSSION
The current study provides the prevalence and correlates of sleep disturbances in a cohort of patients in whom schizophrenia spectrum disorders were diagnosed. To the best of our knowledge, this is the first study to illustrate the risk over time of suicidal behaviors in relation to sleep complaints in patients with schizophrenia spectrum disorders. Frequent insomnia was defined as having one or more of the following sleep difficulties at least three times per week in the past year: difficulty initiating sleep, difficulty maintaining sleep and early morning awakening. Frequent nightmares were defined as having nightmares at least once per week in the past year. a Antipsychotic with moderate to marked sedation including Quetiapine, Olanzapine, Clozapine, Chlorpramazine, Trifuoperazine, Thioridazine, Flupenzaine (Miller, 2004 ; Hyman, Arana, Rosenbarum, 1996). *P < 0.05; **P < 0.01. NaSSA, noradrenergic and specific serotonergic antidepressant; NDRI, norepinephrine-dopamine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
Sleep Disturbances in Schizophrenia-Spectrum Disorders
The prevalence of frequent nightmares was 9.0% in this study sample, which was higher than that of the local general adult population (5.1%). 16 In a small survey conducted in an outpatient clinic, 16.7% of 54 schizophrenia patients reported having experienced nightmares in the past year, which is higher than that of the healthy controls (4.9%). 20 There have been only two studies that reported the prevalence of insomnia (36% to 44%) in the clinically stable schizophrenia outpatients, 7, 21 which appears to be relatively higher as compared to the percentage (19%) found in this study. The discrepancy in the prevalence rates might be partly explained by the use of more stringent criteria to define the symptomatic timeframe (e.g., past 1 y versus past 2 w) and the heterogeneity of the clinical samples in different studies (e.g., schizophrenia versus schizophrenia spectrum disorders). Previous studies based on the polysomnographic or actigraphic data have consistently showed a marked sleep disruption, characterized by difficulty initiating and maintaining sleep, in patients with schizophrenia using a case-control design. 10, 11, 13 Similarly, the prevalence rates of frequent insomnia in this clinical cohort across different psychotic diagnoses A B Table 3 -Unadjusted and adjusted Cox regression models for insomnia predicting the incidents of suicide attempt over the 8-y follow-up period. a Adjusted for age, sex, duration of mental illness, subtype of psychotic disorders, prescription of antidepressant and benzodiazepine at baseline, use of more than 1 psychotropic medication, history of suicide attempt prior to the baseline assessment, history of hospitalisation prior to the baseline assessment. *P < 0.05; **P < 0.001. CI, confidence interval.
Frequent insomnia reported at baseline
(14% to 46%) were found to be variably higher than that of the local general adult population (9% to 13%). 15, 22 Subjective sleep disturbances, such as insomnia, may be related to the circadian dysregulation often observed in patients with schizophrenia. 23 Further investigation incorporating the measures of circadian rhythm would be needed to unravel the potential mechanism underlying the sleep disturbances in this clinical population.
Sleep Disturbances in Relation to the Suicidal Risk
Our study confirmed that sleep disturbances confer a greater risk for suicide attempts in patients with schizophrenia spectrum disorders. In particular, frequent insomnia reported at baseline was independently associated with fourfold higher incidence of suicide attempt over the longitudinal follow-up. Similarly, insomnia was identified as one of the risk factors for completed suicide in a retrospective case-control study of suicide victims with a diagnosis of schizophrenia. 24 Although the complaint of frequent nightmares alone did not appear to be a significant predictor of suicide attempt in the initial analysis, the comorbidity of frequent nightmares and insomnia was shown to confer an increased risk of future suicide attempt (11-fold higher). The observation that sleep disturbances may predict the suicidal risk in not only near but also distant future may suggest that sleep disturbances might be persistent in some patients and represent a proximal risk factor for suicidal behaviors in this clinical population. Community-based longitudinal studies suggest that sleep disturbances, such as insomnia, once developed, may follow a persistent course in 40% to 80% of the community-based subjects over 3 to 5 y of follow-up. 15, 25 Nonetheless, there have been limited data that documented the longitudinal course of sleep symptoms in patients with schizophrenia spectrum disorders. Further longitudinal studies are warranted to examine the persistence of sleep disturbances in this clinical population.
Our findings are in line with the growing literature suggesting a significant association of the sleep disturbances, including insomnia and nightmares, with suicidal behaviors in the general and other clinical populations, such as major depression and anxiety disorders. [2] [3] [4] The mechanistic relationship between sleep disruption and suicidal behaviors in the patients with schizophrenia and other psychotic disorders remains untested, albeit there are several possible pathways. There is evidence to suggest an association between sleep disturbances and certain psychotic experiences, such as paranoia and command hallucination, 8, 26 which may potentially increase the risk for suicide. In addition, individuals with sleep disturbances are often at an increased risk for the development of depression, 15, 16 which is also an independent risk factor for suicide. 19 Thus, it is possible that sleep disturbances may exacerbate mood symptoms and psychotic experiences, 8, 27 rendering the individuals more susceptible to engage in suicidal behaviors. However, sleep disturbances may contribute to the suicidal risk independently by impairing cognitive and executive functions, and compromising emotional processing, 28, 29 thereby leading to deficits in problem solving and vulnerability to impulsive behaviors. 29 Although the clinical severity of the mood symptoms and psychotic experiences was not directly assessed in this study, several clinical variables were taken into account and included in the multivariate models, such as the duration of mental illness, prescription of antidepressants, and history of admission to a psychiatric ward and suicide attempt(s). Frequent insomnia and comorbid insomnia and nightmares remained significantly associated with new incidence of suicide attempt during the follow-up period, even after adjusting for these potentially confounding factors. The findings might therefore lend support to the independent role of sleep disturbances in increasing the suicidal risk in the patients with schizophrenia-spectrum disorders. Nonetheless, further research is needed to delineate the mechanism underlying the relationship between sleep disturbances and risk of suicidal behaviors in this clinical population.
Clinical Implications
Schizophrenia is associated with an elevated risk of suicide, with a lifetime rate of completed suicide estimated to be 4.9%. 30 Timely identification of the individuals at risk of suicide remains a major challenge for clinicians. Although a number of risk factors for suicide in patients with schizophrenia have been identified, some of these factors (e.g., age, sex, family history of suicide) may not be amenable to intervention. In this regard, the prospective association between sleep disturbances and suicidal risk found in this study has important clinical implications, because sleep disturbances are potentially modifiable factors that could be ameliorated through proper interventions. Clinical efficacy of sleep-focused psychological treatments, such as cognitive behavioral therapy for insomnia (CBT-I) or imagery rehearsal therapy (IRT) for nightmares, has been well established in a variety of clinical populations and settings. 31, 32 A recent study has shown that effective treatment of CBT-I reduced suicidal ideation even after accounting for the effect of concurrent improvement in the severity of depressive symptoms. 33 Although the data on the treatment outcome of CBT-I in the context of psychotic disorders remain limited, there have been some promising results. 9, 34 Meanwhile, sleep disturbances could be a side effect of medication or a residual symptom despite the optimized medication treatment for patients with schizophrenia. Different pharmacological approaches have been suggested to manage residual sleep disturbances in schizophrenia, 35 including the use of antipsychotics with sedating properties or adding short-term adjunctive medications, such as benzodiazepines or hypnotic agents, to a nonsedating antipsychotic agent. However, the evidence base of these treatment approaches is limited, and there remains a concern with regard to potentially increasing suicide risk by prescribing sedatives and hypnotic agents in vulnerable individuals. Of note, 60% of the study participants with frequent insomnia were prescribed antipsychotic agents with moderate to marked sedative properties, and were more often prescribed benzodiazepines and on polypharmacy treatment, as compared to those without insomnia. However, the adjunct pharmacologic treatment did not seem to alleviate their sleep problems. Collectively, the findings of this study and the existing literature suggest a need for further interventional studies to examine the efficacy of sleep-focused treatments in managing sleep disturbances in the context of psychotic disorders.
Strengths and Limitations of the Study
The major strength of this study is the follow-up of a large consecutive cohort of outpatients in whom schizophrenia spectrum disorders were diagnosed in a naturalistic clinical setting. These data provided a more realistic picture showing the strength of the associations between sleep disturbance and suicidal risk in the general clinical practice. Nonetheless, the findings of this study should be interpreted with caution in light of several methodological caveats. Although a series of the variables associated with suicidal risk were included in the analysis, some of the risk factors, such as social support network, could not be adequately evaluated in this study. Moreover, the measurement of sleep disturbances in this study was based on only self-report without further objective assessment. The data on the suicide attempts were based on the review of case records, which might have potentially underestimated the prevalence and incidence. Incidents might be less likely to be documented if the suicide attempts were not severe enough to warrant medical treatment or if the patients chose not to disclose their act to the attending medical practitioners. However, the lifetime prevalence of suicide attempt in this study cohort (21.4%) was comparable to that of a previous study based on the clinical interview (30.2%).
18 Furthermore, the limited number of cases precluded further subgroup analyses to examine whether some of the clinically relevant factors, e.g., prescription of more than one medication and drug compliance, would affect the time to first suicide attempt in the follow-up period among patients with sleep disturbances at baseline.
CONCLUSION
Sleep disturbances are significantly associated with an increased risk of suicide attempts in schizophrenia spectrum disorders. This prognostic implication underscores the need for enhanced clinical attention towards sleep problems in patients with schizophrenia spectrum disorders. Future research is needed to examine the efficacy of sleep-focused treatments in managing sleep disturbances in this clinical population.
